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Scence Advisory Board

U S Emaronmental Protection Agency
Washington 1C 20460

September 25 1990

Mr William K Redly

Adminsteator

U5 Environmental Protection Agency
Washington, DC 20640

Dear vir Reilly.

Qver a vear and a hair ago, vou asked the Scisnce Adyimory Bourd 10 review EPA -
1987 report, Untimshed Buviness A (omparative A8 OF E 1 ranmspng i Pooir-
lemy and then assess ang compare detarent environmental rishy in light or the mos
recent scientiiic data  You also asked us to examine SITAtEgIEy tor reducing major sishs
and to recommend improved rmethodologies 1or ANSE39108 and comparing fishe and
risk reduction options in the tuture This report and its three APPenic e have Been
prepared in response 10 vour request

To undertake this project. the Science Advisory Board Created 3 wpedial Reiatne
Risk Reduction Strategies Committee composed of 39 distinguished screntists and
other experts from academia, state government. industry, and public interest croups
The Committee caretully considered the reports written by each of it thee Stk
comrmttees, and the findings and recommendations contained in Reducmg Risk flow
from the wark of the Subcommuttees and rerlect study  discussion and s fithess by the
Commuttee as a whole This report has been reviewed by the 5AB Executine Com.
mittee and has been formaily approved as an SAB document

As you are aware, the Science Advisory Board normally reviews s lenting reports tor
the Agency and evaluates them on the basis ot scientine and engineenny data
However, in this case gur review of Untinished Busingsy and Our anabests OF risk
reduction options have led ys to make tindings and recommendatiuns that are more
policy-oriented than 1s usually the case We have done this at vour reguesl

This report, together with its three appendices suggests steps that the Environmental
Protection Agency should take to tmprove its own roms — and 10 involve Cangress
and the rest of the country in a collective efiort —— 1o reduce environmental rsk Ve
strongly believe thatthe Agency should take sieps 10 ensure that this nation yses all the
tools at 1ts disposal in an integrated. targeted approach 1o protecting human heaith
welfare, and the ecosystem

This report 15 only a step along a long road. We encourage vau to lead the Agency in
taking the necessary further steps as soon as possible

Sincerely -

Ravmond Loehr

Chair, 5cience Advisory Jonathan Lash

Board, and Co-Chalr. Relative Co-Chawr, Relative Risk

Risk Reduction Strategres Reduction Strategies Commutiue
Committee
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Chapter One—Executive Summary

The Concept of Risk

Ouer the past 20 vears thus country has put in plage
extensive and detaded government poligies to control
o number of environmentsl problems Smog
heavily populated areay the eutrophmaton of lakes.
elevated levels of lead m the blood of milhwons of
children the threat ot cancer lrom exposure o

wsticide reqidues i tood. and abandoned drums of

Szardius wastew are a tew of the problems that
have drsen the gnactment of moce than a dozen
major Federal laws and the current public and
private expenditure of abuut 5100 talhon 3 vear o
protect the environment

Those ettorts have led to very real nanonal
benehts The staggenng human health and ecologieal
problems apparent throughout eastern Europe
suggest the poce this country would be pavang now
had 1t not invested heavily in pollution controls

Yet despite the demonstrable success of past
natona} efforts to protect the environment, many
natonal environmental goals still have not been
attained Factors ke the growth in automobile use
and common agncultural practices have cansed
national efforts to peotect the envitonment te be less
effechve than intended.

Furthermore, with hindsight it 53 clear that in
manv cases those efforts have been wnconsistent,
uncoordmated. and thus less effective than they
could have been The fragmentary nature of U8
environméntal policy has been evident in thtee ways:

o [n Laus As different environmental problems were
idennfied, wsually because the adverse effects —
smog i major anes, lack of aquatic life in stream
segments declining numbers of bald eagles — were
readily apparent, new laws were passed (o address
each new problem However the tactics and goals of
the different laws were nesther consistent nor
coordinated, even if the pollutants to be controlled
were the same Many laws not passed prmarily for
environmental purposes also had raajor effects on
the environment. ‘

® [n Programs The Environmental Protechon Agency
(EPA) was established as the pnmary Federal agency
responsible for implementing the nahon's
environmental laws EPA then evolved an
admimstrative structure wherein each program was
Eﬂmanly responsible for implementing speafic laws
onsequently, the efforts of the different programs

1

rarely were cootdinated even o they were
attemptng to contrgl dhtferent aspects of the «ame
environmental problem This problem i
compounded by the tact that EPA 15 not the anly
agency whose activines affect the environment

& In Tovls The pomary wals used to protect the
gnvironment have been controls dewigned to captute
poliutants befors they escape trom smokestachs,
tailpipes, or sewer outfalls, and techrologies
designed to clean up or destrov pollutanes sttey the
have been discharged into the emaronment These
so-called “end-of-pipe * controls and remnediation
technologies almost always have been apphed
because of Federal, State. or local legal requirements

For a2 number of reasons, ths kind of tragmented
approach to protecting the environment will not be
48 successful in the future a8 1t has bewn in the past
In this country the most obvious controls already
have been applied to the most obvious problems Yet
complex amf 35 obvious environmental problems
remam, and the aggregate cost of controlhng thowe
problems one-by-one 15 nsing

Moreover, this country — and the rest ot the
world — are facing emeérging environmental
problems of unprecedented scope Population
growth and indusmal expanswn worldwide are
straining global ecosystems  Mever before m history
have human achvities threatenad to change
atmosphenc chemistry to such an extent that global
clirmate patterns were altered

Given the diversi?‘. complexity. and scope of the
environmental problems of concern today, 1t s
entically important that U 5 emvronmental pohcy

. evolves in several fundamentat ways Essentially

national policy affechng the environmeant tnust
become more integrated and more focused on
opportunities for environmental improvement than it
has been in the past

The environument 15 an intertelated whole and
society’s énvironmental protection efforts should be
integrated as well. [ntegration i this case means that
govemnment agencies should assess the range of
envirorumental problems of concern and then target
protective efforts at the problems that seem to be the
most serious. It means that soqety should use all the
tools — fatory and non-regulatory alike - that
are avaulable to protect the environment. [t means
that controlling the end of the pipe where pollutants
enter the environment, or remediating problens
caused by pollutants after they have entered the
environment, 15 not sufficent. Rather,
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waste-generating activities have to be medified to
minimize the waste or to prevent the waste from
being lfenemed at all. Most of all, integration is
critically important because significant sources of
environmental degradation are embedded in typical
day-to-day personal and professional actvities, the
cumulative effacts of which can become serious
problems. Thus protecting the environment
effecﬁtilg in the future will require a more broadly
conceived sirategic approach, one that wvolves the
cooperative efforts of all segmenis of society.

ne tool that can help foster the evolution of an
integrated and targeted national environmentat
policy is the concept of environmental risk.Each
environmental problem poses some possibility of
harm to human health, the emluﬁré the economic
system, of the quality of human life. That i, each
problem poses some environmental risk. Risk
assessment is the process by which the form,
dhg.lmmti?:lm aréd chkaracterishcs of thaﬂitir,k are
estimated, and risk management is the process
which the rigk is reduoed.g >y

concept of environmental risk, together with

its related terminology
helps peopie discuss disparate environmental
problems with a common language. It allows many
environmental problems to be measured and
compared in common terms, and it allows different
risk reduction options to be evaluated from a
common basis. Thus the t of environmental
tisk can help the nation develop environmental |
policies in a consistent and systematic way.

and analytical methodologies,

Saentists have made some progress in developing

guanﬁtaﬁve measures for use in companng different

to human health. Given suffinent data, such
comparisons are now possible within limts.
Although cutrent ability to assess and guantify
ecological risks is not as wall dwghi:gseg an increased
capacity for comparing different kinds of risks more
systematically would help determine which problems
are maost serious and dmrvilrég of the most urgent
attention. That capacity would be even more valuable
a5 the number and seniousness of environmental
problems competing for attention and resources
mncreass.

An improved ability to com risks 1 common
terms would have another value as well: it would
kelp sodety choose more wisely among the range of
policy options available for reduding risks. There are
a number of ways to reduce the automobile
emissions that contribute to yrban smog: there are a
number of ways to decrease human exposure to lead
The evaluation of relative risks can help identifv the
relative efficiency and effectiveness of different risk
reduction options.

There are heavy costs involved i society fals o set
environmental priotities based on risk. If finite
resources are expended on lower-priority problems at
the expense of higher-priority risks, then society will
face needlessly high risks. If pnorities ate established
based on the aeaum oppeorfunities to reduce rigk,
total risk will be red in a more efficient way,
lessening threats to both public health and Iocal and
global ecosystems. T



The Traditional Role
of the Environmental
Protection Agency

For the past 20 vears. EPA has been basically &
“reachve” agency As emvironmental problems were
identihed, the public conveyed its concern to
Congress. and Congress passad laws o try to solve
the problems within some, often weli-defined,
nmeframe EPA then implemented the laws using
the resources — budget and staff — allocated by
Congress

Consequently, EPA has seen its mission largely as
managing the reduction of pollution and, n

rircular, only that pollution that is defined in the
E\aws that it adrunisters. EPA’s internal programmatic
structure mircors the environmental legislanon that it
15 recg.gred to implement. Morgover, the tools EPA
tradionally has used to reduce pollution have been
limited, in general, to the erussions ¢controls it could
force pollutess to apply through regulatory action.

This reactive mode, although understandable when
seen m its histoncal context, has hmited the
effictency and effectiveness of EPA’s environmental

protection efforts. Because of EPA’s tendency to react
to environmental problems defined specgc
environmental laws, the Agency has made little
effort t0 compare the relative senousness of ditterent
problems Moreover. the Agency has made very hitle
effort to anticpate environmental problems or to take
preemphve actions that reduce the likelihood of an
environmental problem occurnng

Because most of EPA’s program offices have been
responsible for implementing specific laws. they have
tended to view environmental problems separatelv
each program office has been concerned pamanly
with those problems that it has been mandated to
remediate, and questions of relative sernousness or
urgency generalclly have remained unasked.
Consequantly, at EPA there has been little correlation
betwesn the relabive resources dedicated to different
environmental problems and the relative nsks posed
by those problems.



Unfinished Business

The Environmental Protection Agency squarely faced
the question of relative risk for the first ime when it
established an Agency task force to assess and
compare the risks associated with a tange of
environmental problems. In 1986 and 1987, about 75
seruor career managers and staff compared the
relabive nsks posed by 31 environmental problems
within four broad categories of risk. 1} human cancer
risk, 2) human noncancer health risk, 3) ecological
risk, and 4) welfare risk. The task force limited its
companson to those risks that remain after
curzently-required controls have been applied (i.e..
residual risks). The results of thus effort were
presented in Linfinished Business. A Comparatroe
Assessment of Enteronmental Problems.

Unfinished Business was a landmark study. For the
first time, the many environmental problems of
concern to EPA wete compared o each otherin a
non-programmatic context, Morsover, the report
ex licit‘l! pointed out the disparity between residual
risk and resource allocation at EPA. The problems
that the authors judged to pose the most serious

tisks were not necessarily the problems that
Congress and EPA had mgetaglm for the most
a ve achon. _
owever, the report did find a correlation befween

EPA’s programmatic priorities and the apparent
public perceptions of risk. That is, Congress and the
Agency were paying the most aitention to
environmen prob?ems that the general public
believed posed the greatest risks.

The authors of Unfincshed Business recogruzed that
their risk rankings, while basad on the judgments of

professionals, were limited, since they

were b:igd on !ncampleg.- dau?g ancll novel ngk
comparison techntiques. But the value of the report.
then and now, rests not 3o much on the accuracy of
the rankings but on the fact that EPA had begun to
see the long-term public policy importance o
unders relative tsks, In short, Unfimshed
Business was yet another that the nathon as a
whole, and EPA in , could not continue
“business-ag-usual” in the face of the environmental
risks of the 1990s and beyond.



The Relative Risk
Reduction Strategies

Committee

Shortly after he took office early n 1989, EPA
Adrumstrater Walllam K Redlly asked the Science
Advisory Board 1SAB) 10 review EPA’s 1987 report
on relahve environmental nsk, Unfimshed Busimess,
evaluate its findings, and develop strategic options
for reducing nsk In response to that request, the
SAB formed a special committee. the Relative Risk
Reduchon Strat?es Commuiter (RRRSC), which it
turn was divided into thrae Subcommittees the
Ecology and Weilfare Subcomruttee, the Muman
Health Subcomauttee. and the Strategic Options
Subcomnuttes

The Relative Rigk Reduchon Strategnes Committas
was cochaired by Dr Raymond C, Loehr, chairman
of the SAB and professor at the Unuversity of Texas,
and Mr Jonathan Lash, Secretary of the State of
Vermont's Agency of Natural Resources The Ecology
and Welfare Subcommuttee was chaired by Dx.
Wilham wa:er of Michigan State University; the
Human Health Subcomimuttee was chaired by Dr
Asthur Upton of the Insttute of Environmental
Medicine, New York University Medical Centar; and
the Strategic Options Subcommuttee was chaired by
Mr Alvin Alm of Science Applicatons international
Corporation.

e 39 members of the RERSC and its
Subcommuttees wete nationally- wzed saentists,
engineers, and managers with broad experience in
addressing environunental and health issues. Their
names and professional affiliations are listed at the
front of this overview report

Through its combined gfforts the RRRSC attempted
to achieve four objectives:

1 Critically review Unfinished Business, reflecting any
sigruficant new mformation that bears on the
evaluation of risks associated with speafic
environmental problems.

2. To the extent possible, merge the avaluations of 1)
cancer and non-cancer risks and 2) ecologcal and
welfare risks.

3. Provide optional strategies for reducing the major
environmental risks. .

5

4. Bevelop a long-term strategy for improving the
methodology for assessing and ranlkung
environmental nsks and for assessing the dltemabve
seeategnes that can reduce risks

In particular, the Ecology and Welfare
Subcomnuttee and the Human Health Subcommnee
were charged with reviewing and updaang the nsk
fincdlitigs from Unfimished Bustness Those two
Subcommittees were to provide to the extent
possible. a single aggregate ranking of the nisks that
each Subcommuttee assessed, and recommend a
long-term strategy for improving the methodology
for assessing such nsks The Strategic Opoons
Subcommattee was charged with 1) rdentifving
strategy options for reducing residual ensronmental
nsks. and 2) developing and demonstranng analvtical

methodologes for identifying and selechng nsk
reduction options.
The RRR5C began planning its work in the spang

of 1689, and it held its first meeting \n September
1989. In all, the Commuttee and its threc
Subcommnittees held twelve public meetings and
thive VECERk.léné $E5510NS

The has conducted a lengthy review of the
data and methodologes that support risk
assessment. comparison. and reduction todav This
review of environmental nsk has led to several
conclusions about the need for and value ot
comparative risk assessments and their imphications
for the national environmental aganda

Thus overview report highlights the most imponant
findings and recommendations from the three
Subcomurattee reports, along with insights denved
from discussions among the Commuttee members
after they reviewed the Subcommuittee reports The
full reports of the three Subcommattees are included
as a};mndices to this report (see inside back covern)
and should be referred to for important addibonal
information and detailed support for the contents of
this ovarview report.

The RERSC recogruzes that this overview report
and its appendices contain policy-onented fin mjs
and recommendations that are sutside the norm
wcope of SAB purview. But in this case the EPA
Admirnustrator explicitly asked the SAB to review,
from a technical and scientific perspective. the
optional str:ltagxes available for reducing risk. Thus
thus report includes recommendations on approaches
to rigk management and on the future duwection of
national envirenmental policy. Howaver, nothing i
this report or ity ap ices should be construed as
an SAB recommendaton for a speafic policy ophon
to be used to reduce a speafic environmental nsk.

3
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The Ten

Recommendations

1. EPA should target its environmental protection
efforts on the basis of opportunities for the greatest
risk teduction. Since this country already has taken
the most obvious actions to address the most obvious
environinental problems, EPA needs to set priorities
for future actions so the Agency takes advantage of
the best opporturuties for reducing the most serious
remaining risks,

2. EPA should attach as much importance to

reducing ecological risk as it does to reducing
human health risk, Because productive natural
ecosystems are essential to human health and to
sustainable, long-term econonuc growth, and because
they are intrinsically valuable in their own right, EFA
should be as concermed about protecting ecosystems
as it is about protecting human health.

3. EPA should improve the data and analytical
methodologies that support the assessment,
camparison, and reduction of different
environmental tisks. Although setting priorities for
national environmental protection efforts always will
involve subjective judgments and uncettainty, EPA
should work continually to improve the scientifc data
and analyticel methodologies that underpin those
judgments and help reduce their uncertainty.
4. EPA shciuld reflect ﬁsk-bmlﬁe pi:;r:lté? in its
stategic planning processes, ency’s
long-rang‘; eglans sl%uld be driven not so much by
past risk reduction efforts or by existi

tic structures, but by ongnigf
assessments of remaining envirorumerial risks, the
explicit comparison of those risks, and the analysis of
oppertunities available for reducing risks.

5. EFA should reflect risk-based gaiuriﬂﬁ in its

budget process. Although EPA’s priorities are
dete%nu‘nedhoalargeexmntbytlmﬁmn )
environumantal laws that the implements, it
should use whatever distretion it has to focus budget
resources at those environmental problems that pose
the most serious risks. '

6. EPA — and the nativn as a whole — should make
use of all the tools available to reduce risk.

though the natinn has had spbstantial snccess in
reducing environmental risks through the use of
government-mandated end-of-pipe controls, the
extent and complexity of future risks wall necessitate
the use of 2 much broader array of tools, incinding
market incentives and information.

7. EPA should emphasize pollation prevention as
the preferred option for reducing risk. By
encouraging achions that t pollution from
being generated in the first place, EPA will help
reduce the costs, intermedis transfers of gouuhon.
and residual risks 30 often associated wi
and-of-pipe controls.

8. EPA should increase its efforts to integrate
environmental considerations inte broader aspects of
public policy in as fundamental a manner as are
economic concerns. Other Federal agencies often
affect the quality of the environment, e.g., through
the implementation of tax, , agricitltural. and
international policy, and EPA should work to ensure
that environmentai considerations are integrated.
where appropriate, into the policy deliberatons of
such agencies.

9. EPA should work to improve pubiic
undecitanding of environmental dsks and train a
ional workforee to help reduce them. The
E;a.:ﬁ envimnrnantal i of the general
public, together with an expanded and better-trauned
technical workforce, will be essential to the nmabon™s
success at reducing environmental disks i the future

10. EPA should develop improved analytical
methods to value natural resouyees and to account
for long-term environmental effects in its economic
analyses, Because tracional methods of economue
analysis tend to wndervalne ical resources and
fail to treat adequately questions of intergenerahonal
scuity, EPA should develop and implement
innovative approaches to economic analysis that will
address these shortcomings.



Chapter Two—--Findings

1. The Importance of
Unfinished Business
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The tindings and recommendations descnibed 1n this overview
by the three Subcommittees of the Relative Fisk Reduction Str
appendices to this report, contain detasled inform
recommendations Such information can be found
the beginming of each finding and recommendation ']

® "E” teters to the Report of the Ecology and Welfare Subcommuttee:
® “H" reters to the Report of the Human Health Subcommuttee; and
® “5” efers to the Report of the Strategic Options Subcommittee.

ahon that support and more full
by referring to the sections of
n the hstad crossreferences

Teport have been derived maunly from the reports prepared
ategles Commuttes. Those reports, which are included as

expiamn the findings and
e different appendites that are Listed at
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2. Problems in
Ranking Risks

As long as there are large gap# 1n key data sets,
efforts to evaluate risk on a consistent, rigorous basis
or to define optimum risk reduchon strategies
necessarily will be incomplete, and the results will be
uncertain. For example, data on human exposure
and on the toxicity of many poliutants are serfously
deficient. In particular. the lack of pertinent exposine
data makes it extremely difficult to assess hurman

health risks,
Moreover, great uncertainty often is associated
with the data that do exist. Exposure and toxic

response models, the numbers used to quantify
risks, and variations in individual suscegtihﬂity to
risks are often highly uncertain, Without more and
better data, conclugions about relative risk will be
tenuous and will depend in large measure on
professional judgment.

In addition to the lack of data, methodologeal
inadequacies also impede the assessment and
compatison of risk. At this time EPA does not have
an effective, consistent way of identifying
environmental problems in 4 manner that neither
fragments nor aggregates sources of risk to an extent
that renders comparisons untenable. EPA’s current
framework of statutory mandates and program
structure helps to maintain artificial distinctions
among environmental problems, and those
distinctions are conducave nejther to sound
evaluation of relative risk nor to selection of the most
effective actions to reduce risk.

In particular, the methodologies currently used to
estimate the benefits of nsk reduction activities are
inadequate and inappropriate. For example, &
methodology that presumes the future value of an
ecological resource necessarily must be less than its

T T = = g k=

present value will not be a useful analytical tool for
sustainng economic development over the long
term The standard practice of discounting future
resource values is ina riate. and it resuits i
policies that lead to the depletion of irreplaceable
natural resources.

Reliance on “willingness to pay” and similar
techniques commonly used in economuc analvses has
distorted current understanding of the value of
natural resources. While some people may not care
about wetlands and assign no value to thewr
existence, such areas stll provide valuable ecogystem
services to this and future generations. Wiale féw

ple are likely to care about and be willing to pav
plankton and fungi, such nisms play a crincal
role in sustaining economically valuable ecosystems

An additional difficulty entailed in any attempt o
compare and rank environmental risks 15 the
ingvitable value judgments that must be made. For
example, are health risks to the aged more or
less serious than health risks to mfants? Are
Feproducive proceses? Comparng foe Heks posed

netive processes & risks po:
to human populations with thm o
ecosystems may be even more di t. It seems clear
that subjective values always will == and should —
influence the ra: of relative environmental nzks,
no matter how sophisticated the technical and
analytical tools become,




3. The Extraordinary

Value of Natural
Ecosystems

E52

Natural ecosystems Lke torests, wetlands, and
oceany are extraordinanly valuabie Those
ecosvstemy contain econorucally valuable natural
resources that feed, clothe, and house the human
race Fhey act as sinks that, to a certawn extent,
absorb and neutralize the pollutants generated by
human activity. Although natural ecosvsterns — and
the linkages among them — are not completel
undeestood, there i3 no doubt that over time d;e
quality of human Lfe declines as the quality of
natural ecusystems declines.

The value of natural ecosystems s not hmited to
their immediate utility to humans They have an
mnimnsic, moral value that must be measured 1n its
own terms and protected for its own sake.

However, over the past 20 years and especiaily
over the past decade, EPA has pad too little
attenfion to natural ecosystems The Agency has
considered the protection of public health to be s
pamary mission. and it has been less concetned
about nsks posed to ecosystems The Agency's
relative lack of concern reflects society's views as
expressed 1n envirommental legistaton, ecological

. degradation probably 18 seen as a less senous

problem because it 15 often subtle, long-term, and
cumulative. But for whatever reason, this unbalance
15 & manifest, if inadvertent, part of current national
environmental policy

EPA’s resFonse to human health nsks as compared
to ecologcal muks 1s inappropriate, because. mn tEE
real world, there 15 ittle distinction between the tao
Over the long term, ecologcal degradation either
directly or indiectly degrades human health and the
economy For examiple, as the extent and quality ot
saltwater estuanes dechne. both human health and
local economies can suffer As soils erode. forests,
farmiands, and waterwavs can become less
productive And while the loss of speces mav not be
notced immediately, over ime the decline 1n genetc
diversity has implications for the fuure health ot the
human race

In short, human health and welfare uihmarels rely
upon the life support systems and natural resources

rovided by heaithy ecosystems Moreaver human

ings are part of an interconnected and
interdependent global ecosystem, and past
expenence has shown that change in one part ot the
system often affects other parts in unexpected wavs

ational efforts to evaluate relative environmental
risks should recognize the vital inks betwesn human
life and natural ecosystems. Up to thus pomt. they
have not.




4. Time, Space,
and Risk

While the data needed o sgrpoﬂ firm rankings of
tisk were found to be lirted, the RRRSC dentified a
number of important factors that must be considered
In any assessment or ranking of the risk assodated
with 2 particular environmental problem. Those
factors include the numbet of people and other
organisms exposed to the risk, the likelihood of the
environmental problem actually occurring among
those exposed, and the severity of the etiects,
including the economue loseas and other damages
invalved, if it does oceur,

In addition, two other aspects of potential
environmental problems = Le., their temporal and
spatial dimensions — also must be given
considerable weight in any analysis of relative
environmental rigk. Consideration of bme and s
can help guide judgments about relative risks in the
absence of compiete data,

The temporal dimension of an environmental
problem is the length of ime over which the
problem I8 caused, ized, and mitigated, For
some environmental problems the temporal
dimension can be very long. For example, the
chrorie human health effects of air or water pollution
may become apparent only after many years of
exposure. It may take decades of human activity to
begin to change the global climate, and more decades
maga ass before the effects of human activity on the
glo Ydimate are clearly understood. Some
pollutants can persist in the environment -— and thusg
pose environmental risks — indefinitely. And it may
take decades or even centuries before depleted
species of wildlife recover from the loss of habitat, if
recovery is pessible at all.

The spatizl dimension of an environmental
problem is the extent of the geograplucal area that is
affected by it. Some environmental problems, Bke
elevated lavels of radon, may be limited to the
basements of some homes, while problems like
stratospheric ozone depletion can affect the entire
globe. And some global problems, like the loss of
genetic diversity, can be caused by human activities
in relatively limited geographical areas.
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The time and space dimensions of environmental
problems should wei heav%m any companson of
relative envirorumental risks. Far exaruple. iEf)il
long-lived pollutants like DDT and ¢an become
concentrated in the food chain and 1 threat to
future as well as present human angm::;:logmal
health, those future risks should be taken mto
account when relative risks are compared. Similarly,
if giobal climate change or stratosphetic ozone
depletion has the potential to affect the health andior
econonuc well-being of virtually evervone on earth,
now and in the fature, the extent and duration of the
tisk should suggest a relatively high-risk ranking

Ecosystems are ﬁnerally resilient to short-termn
maninsulu, For exan}p oil spills and water Eonuﬁon

y cause only temporary ecological changes,
nature has a substanﬁmpadtv for healing tmf\
However, some changes are cither rent or
semipermanent. Destto weﬁan%nng
natura) water flows (as Everglades), giobat
watming, and stratospheric ozone epletion ¢an
cause irreversible and, in some cases, wadespread

problems.
In fact, some term and widespread
environmental probiems should be considered

relatively high-risk even if the data on which the risk
assessment is based are somewhat incomplete and
uncertain. Some risks are potentially so serious, and
the time for recovery so long, that risk reduction
actions should be viewed a5 a kind of insurance
premium and injtiated in the face of incomplete and
uncertain data. The risks entailed in postponing
action can be greater than the risks entailed in taking
inefficient or unnecessary action. Moreover,

g::empﬁve actions are dally justifiable o — Like
Energy congervation e that would slow the
accumulation of greenhouse gases — they lead to

unrelated but immediate and substantial benefits,
such as inproved ambient air quality ahd reduced
U.5. dependence on imported oil.
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5. The Links Between
Risk and Choice

It 1s sometimes tempting to think simplistically abaut
the sources of environmental nsk as bemng a
particular ndustrv, a parncular product, or a
articular pollutant. Conceptually, smokestacks can
controlled. products modifed, and pollutants
banned with relahve case

But the sources ot environmental nsk are much
more diverse and complicated than that In fact, the
sources of risk often arg to be found in the
dav-te-day ¢howces made by individuals,
communities. and businesses And many kunds of
environmmental nsk will not be reduced substantially,
especrally over the long term, if past patterns of
wdividual, communaty, and business choices do not
change n light of the relative risks posed by those
choices

In a sensq, the very existence of the human race
mnevitably poses some level of environmentat risk.
People necessaan generate wastes, hoth as
indwviduals and through aggregate economic
activines People necessani?destmy or infringe upon
some natural habitats when thev construct their own.
Individuals either increase or lessen environmental
risk depending on which consumer products they
buy, how they design their homes, and whether they
walk or drive to work. Society affects environmental
nsk at the local level through building codes and
zoning faws and at the national level through tax,
energy, and agricultural policies.

But all these activities involve choice, and the
environmental risks posed by many human activities
can be reduced sharply if different choices are made.
S0 one of the most important questions facing society
18 how to influence and shape mdvidual,
comrmunity, and business choices so that
environmental nsks are reduced.
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Chowe 15 influenced by a number of tactors,
mncluding education and ‘ethics Some people may

¢hoose to purchase certain consumar products
because of a2 genuwne concern about the
enronmental effects of therr personal buving

patterns  Simularly, some businesses may redesign
production processes to elinunate pollution because
of a desire to be percewved as Corporate “good
atizens.”

Economic incentives are also tnportant tools for
inducitig particular kinds of choices When the prce
énerpy rises, consumers are likely to buy more
fuel-efficient vehicles and weathenze their homes,
while plant managers have an added incentve to

purchase more energy-efficent equipment Full

riaing of mumapal services can @ve peopie an
neentiva to recyls,: therr household wastes and
conserve water

Laws and regulations, of course, are very effective
at shaping individual and socal choices Local
zoning laws can change the pattern of economie
development in a community and limit where homes
can be built. Local, State, and Federat procurement
regulations can have a substantial effect on the
development of markets for recycded products

Projected future growth m populahon and
economic actvity could add enormously to the
environmental risks faced in this country and around
the world. But growth and reductions
environmental ngk are not necessanly incompatible,
if past patierns of indavidual, commurty. and
business choice ¢an change. In nahonal "efforts to
assess, compare, and control relative nsks, the
importance of those cheices — and the pals options
available to influence those choices -- s oug not be
overipoked.



6. Public Perceptions

of Risk

Publi¢ opinion pells taken over the past saveral years
confirm that people are more worned about
environmental problems now than they were 20
years ago when the first wave of environmental
conicern led to major changes in national policy. But
the areas of greatest concern to the public today are
not necessanly those problems identified in
Unfinushed Business. In other words, the temaining
and emerging environmental risks considered most
serious by the general public today are different from
those considered miost serious by the technical
Rrifeasiomh charged with reducing environmental
sk,

This dichotomy between pubtic perceptions and
professional understanding of environmental tisk
presents an enormous cha nlge to a pluralistie,
democratic country. A Federal agency’ like EPA must
be sensitive to public concerns about environmental
problems. In fact, since public concerns tend to drive
national legislation, Federal environmental laws are
more reflectve of public perceptions of risk than of
sclentific understanding of risk. Consequently, EPA"y
budget and staff resources tend to be at
those environmental problems perceived to be most
serious by the general public.

Yet if national resources are o be used most
effectively to promote environmental quality, then
such resources must be aimed at those
environunental problems that pose the greatest risks.
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The ability to match resources to risks wil] measyra
the success of national policies to protect the
environment,

One obvious way to bridge this dichotomy would
be to improve the public's understanding of the
scientific and technical aspects of environmental nsk
while improving scentists’ understanding of the
basis of public concern. Public perceptions of
environmental rigk tend o im;gsome deeply-held
Subjective values, ke justice and equity, that,
although difficuit to quantify. reflect important
elements of the quality of life that government 18

d to protect. Moreover, ince the scientfic
understanding of any envronmental problem is
tikely to evolve as the scence improves. and since
environmental policy necessarily embodies subjectve
values, scientific understanding should not be the
sole determinant of environmental licy.

. EPA must be pre to listen
carefully to the public’s tions of rigk.
Moreover, EPA, should balance those perceptions
with curvent scientific understanding as the Agency
develops long-term risk reduction strategies.
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7. Relatively High-Risk
Environmental Problems

Fhe RRRSC not only reviewed the etah, rarthingy

s ral cnaranmental problems as relati el
high=riskh  Fasod on available saientine Jata and

technical understanding  This ettoer was whallerunng

bor a number of fasons Ecological health, and
weltare risks can be mamitested in a aumber of

ditterent endpoints 1t 1y dithenlt to Ccompare msks

with widely difterent time scales and spatal

dimensions, because of datg g4ps and methodological
nadequacws 1t is racely feasible to quanbitv total
nsk In other words, the RRRSC taced many vt the

contaned i Lhirttiscd Basiss but o8 abso dentined

haITie hurdles th{‘lt hiwed thq;‘ Jurhl\'ir\ I . LI
Buroness when they descloped their simi, SLINERN

Consequentlh  the RRRS did ot rank riene i i
sdme manner as Lsksad Bueri 14 Tne | ISR
and Weltare Subcommttee srouped «n.orenms eyl
problemy into hizh-. medium-, ang Lo -ren a2 1o
the Human Health Subcommutte wentied
environmental problem areas o here evisting Jets
tndicated that risha could be relatively fush
Addihonal data muzht iWdentin additjonsi itarh-Fimi
problems Both SubLommttee- developed rhar
dssessments in light ot the latest ~owontine g
technical know ledge and using their bt [T )
judgment, and both caution that ther R
are pased vn imncomplete and vtten inaduguar
knowledge about 1) the extunt or human and
ecological exposures to pollutants and 2
sxposureg-response relabonships

Risks To The Natural Ecology And Human Welfare

The Ecuquy and Weifare Subcommittee identified areas
of relahvelv high, medum, and low risk, despite paps
n the relevant data The four environmentat problems
that it considered to be relatively tugh-nsk are likely to
be considered high-nisk even affer data and analytieal
methudolo?es are ymproved,. because the geographic
sCale of all four 15 very large (regional to gﬁa ), and
because the time that could be required 1o mutigate all
four 15 very long, and some effects are irreversible.

The Ecology and Welfare Subcommuttee did not limjt
their assessment to the environmental problems listed
in Unfineshed Business. The order of pI‘DElEmS listed
within each of the three different rigk groups shown
below 1 not meant to umply a ranking,.

Relatively High-Risk Problems

* Habitat Alteranon and Destruction
Humans are altenng and destroying natural
habitats in many places worldwide, e.g., by the
draining and dégradation of wetlands, sod
eroston, and the deforestation of ropical and
temperate rain forests.

* Speaes Extinction and Qverall Loss of Biological
Diversity
Many human activities are causing speces
extinction and depietion and the overall logs of
biological dwversity, including the genenhe diversity
of surviving species

® Stratospheric Ozone Depletion

Because releases of chlorofluorocarbons and other
ozone-depleting gasas are thunming the carth -
stratospheric ozone laver, more yltraviolet
radiation is reackung the earth’s surface, thus
stressing many kinds of organusms

¢ Global Climate Change

Emissions of carbon dioxsde, methane, and other
greenhouse gases are altering the chemustry ot the
atmosphere, threatening to change the global climate.

Relatively Medium-Risk Problems
® Herbicides/Pesticides

* Toxics, Nutrients, Biochemucal Oxygen Demand, and
Turbidity 1n Surface Waters

¢ Acd Deposition

& Arbome Toxics

Relatively Lotw-Risk Problems

* Qi Spilis

® Groundwater Pollution

* Radionuclides

® Aad Runoff to Surface Waters
¢ Thermal Pollution
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Risks To Human Health

The Human Health Subcormmittee limited its
assessment to those problems addressed by Unfimshed
Busmess. On reviewing the rankmlgs in Linfimshed
Business, the Subcommittee identified those problems
that represented major types of human exposure
known to be associated with significant impagts on
human health. In four. such instances, relatively
high-risk rankirgs were supported more firmly by the

available data than they were for other heajth probiems.

The Subcommittee also noted that the development of
better methodologies and more complete data could

lead to 2 different approach to the assessment of human

health risks, and that such an approach would invalve
the selection of specific environmental texicants that

warranted detailed assessment and major risk reduction

efforts,

® Ambient Air Pollutants
Stationary and tmobile sources emit a range of
different air poilutants to which large populations
are exposed. Some have toxic and/or carcinogenic
effects following direct inhalation exposure (e.g.,
carbon monoxide and benzene). Others, such as
lead and arsenie, reach humans by a variety of
pathways including direct inhalation, inhalation of
resuspended dust, and ingestion of dust deposited
on food products. Still others are important
precursers that can lead to compounds such as
ozone, acid aerosols, and carcinogenic
hydrocarbons that form m the atmosphere over
large areas of North America,

* Worker Exposure to Chemicals in Industry and
. Agriculture
Industrial and agricultural workers are Exgosed to
many toxic substances in the workplace. Such

&xposures can cause cancer and a wide range of
non-cancer health effects. Due to the targe
population of workers directly exposed to a range
of highly texic chemicals, this problem poses
relaively high human health risks.

& Pollution Indoors
Building occupants may be exposed to radon and
its decay ucts as well A to many arrbomne
combustion products, including hitrogen dipwde
and environmenta tobacco smoke. Indoor
exposures to toxic agents in consumer products
{2.8., solvents, pesticides, formaldehvde) also can

- cause cancer and a range of hon-cancer heglth

effects. Due to the large population directly
exposed to a number of agents, some of which are
highly toxic, this problem poses relatively high
human health ﬁs&‘.o

® Pollutants in Drinking Water

Drinking water, as delivered at the tap, may
contain agents such as lead, chioroform, and

using microorganisms. Exposures to
such poﬂuta:tg in dmﬁﬁé Waler can ¢ause cancer
and a range of non-cancer health effects. This
Eerg:lem poses relatively high human health risks.

use large populations are exposed directly to

various agents, some of which are highly toxic

Other problem areas also involve potentialiy
significant exposire of large tons to toxc
chemicals; e.g., pesticide ues on food and toxic
chemicals in Constmer products. However, the data
bases to support those concerns are not as robust as
they are for the four areas listed above.
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8. Strategy Options for
Reducing Environmental Risk

5-4.4

In sdditon o revies ing the Bindinags of Lt s
Fivsizan the RRRSC also restowed a broad speutrum
ut prdied ptiens available or redaging masor
Lavirenmental nshs The Strategic Opticns
Subcmmmittee examimed 3 sertes of envirenmenta
problems and identined a range of nsh reduction
ophions tor canh ot them  Thirteen problems were
induded 1o the analv4is, mine ot which had been

The Subcommittes wentiticd i IE T Y
reduction twools that ~huuld be sON=dered r g
Problem area tsee bn on the rallow e page o o
Aenerated A ypecthc eamples of pilens my g
be apphed to 12 enviranmenesi preplome [
Subcommittee i descdoped 1 vervn s e v o,
Can be uzed to select trm among the g s
reduction vptvns asatlable Thew snitera nulus «n
magnitude of muk reduction b be gl d L
hkelthood ot achieving that sk reductien N | PR
mvobed the wase and ~peed ot Mpdeme v s n g
entorcement, the dearee b mtermuodio Yanen e
risk and overall wost-eHe . eness

rapked hizh i Untieshicd Bicsiess

Optional Tools For Reducing Environmental Risk

* Scienbthe and Technici! Measures

Two major sets of saentific and technical measures are
1) research and development to improve understanding
of problems and point to promising soluhons, and 2)
innovations in pollution prevenhon 2pproaches and
pollution control technology . Examples include
additional research to understand the potentual for
globat warming and development ot ecologically
protective, cost-effective technologies to manage
contaminated sediments.

& Propsion of Information

In many cases nsk reduction can be promoted by
gmwdin wnformation to producers, consumers, andvor
tate and local governments For example, new home
buvers could be provided with the results of radon

tests. and state and local governments could be
provided with technical informaton to help them
address indoor ar pollution,

® Market Incentives

A key to reducing environmental nsk is to ensura that
consumers and producers face the full costs of therr
decisions  Economue incentive systems often can help
accomphsh this end The major categones of incenhve
systems include 1) pollution charges, 2) marketable
permits, 3) deposit-refund systems, 4) removal of
market barriers, and 5) revision of ieial standards of
habiity Examples include using marketable permuts to
lower costs and spur innovation in reducing acid ramn,

and creating deposit-refund systems for tires and
battenes.

® Conventiwnal Regulations

Conventional regulations include pertormancy
standards, design standards, use restnchons, and
product specificanons For example, the Agency ¢ould
tighten restrictions on some uses ot pesticides and
develop new standards for automobile emussions

* Enforcement

In many cases substantal gains can be made 1n
environmental nsk reduction by more vigorousiy
enforang existng statutes and regulations. parucularhy
by employing innovative enforcement methods
Options mciude using statistical techmc?ues tor
enforcement to assure that all classes o potenkal
violators will be inspected, and assunng that penalhes
create an incentive to comply with environmental laws

® Cooperation With Other Government
Agencies and Nations

Many types of government policies affect the
environmental problems that EPA must address Due to
EPA"s limited junsdiction, cooperation with other
agencies and nations often presents the best
opEortumﬁes to reduce certain kitids of environmentat
nsk. For example, the Agency could seek an
international convention on global warmng and an
agnicultural pobey that would reduce non-pomnt source
pollution.
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Chapter Three—Recommendations

1. EPA Should Ta

et Its Environmental Protection

Efforts On The Basis Of Opportunities For The
Greatest Risk Reduction

542

Seen in its historical context, the ad hoc development
of U.5. national environmental policy is
understandable. Yet 20 vears of expenence in
developing and inplementing environmental poli
has demonstrated that not all environmental
problems are equally seticus, and not all remediation
efforts are equally urgent The nation cannct do
everything at once. In national efforts to protect the
envizonment, the most cbvious steps have been
taken to reduce the most obvious risks. Now
enronmental priorittés must be set.
In order to set priorities for reduci

environmental risks, EPA must weigh the relative
risks posed b{:ifferenl: environmental problems,
determine if there arg cost-effective o portunities for
reducing those risks, and then identity the most
cost-effective nisk reduction orﬁans. is effort
should build on the analyhcal process begun in
Unfinished Bustness and in this teport and its
Appendices. :

owever, the SAB recogruzes that risk analyses

always will be imperfect tools. No matter how tauch

the data and methadologies are improved, EPA’s
dedisions to direet specific actons at speafic risks
will entail a large measure of subjective judgment,
Yet the SAB believes that relative risk data and risk
assessment techniques should inform that judgment
as much as possible. In short, EPA programs should
be shaped and guided by the rinciple of relative risk
reduction, and all avallable risk data and the most
advanced risk 2ssesament and comparison

16

methodelogies should be incorporated explicatly mto
the Agency’s dedisio ing process.

In order to implement a risk-based acton agenda,
EPA must take several essential steps. [t must
articulate to its own emplovees and to the genoral
public the fact that 1t intends to set prionnes tor
action based on opportunities for mmw nsk
reduction. Next the Agency must establish an exphat

rocess for incorporating those considerations 1o its
fng-term planning and budget processes. Finally,
the v must act on those prionties.

In practice, of course, EPA’s activities are defined
l?;otlw laws that it is required to administer. EPA
als0 has 2 responsibility to respond to public
Loncerns about an envirotunental problem. no matter
how Limited the risk may seem to be. However EPA
should not limit its risk comparison efforts to those
environmental problems it 1s required by law to
mitigate. The risks posed by other problems and

tential problems — fike the loss of biologmcal

iversity — must be compared and ranked a5 well.

Simply stated, FPA is nsible for protecnng
the environment, not just for mnplementin
environmental law. Thus the Agency should assess
and com: the universe of environmental nisks and
then take the initiative to address the most senous
risks, whether or not Agency action 1s required
specifically by law.




2. EPA Should Attach As Much Importance To
Reducing Ecological Risk As It Does To Reducing
Human Health Risk

E-4D

Largelvy bacouse of the requiremeants of the laws u
admumsters, EFA kas tended w pav tar more
attention to proteching human health and welfare
than to letm:nng the ecology Indeed. dunng the
1986 EPA 5 agenda was domimated by concerns
about the etecrs of toxc chemicals on human heaith

Yet trom the perspective of nsk there are strong
linkages between human heaith and the health ot
wetlands, torests, oceans and estuanes Most
human achvities that pose significant ecological nsks
— for example the effects of agricultural achvities on
wetlands = pose direct or inchrect human heaith
nsks as well. Likewise, achons taken to reduce
pollution and thus improve human health usually
improve vanous aspects of ecologcal quabty

ese very close linkages between human health
and ecological health should be reflected in national
environmental policy When EPA com;l:ares the nsks
posed by different environmental problems in urder
to set pnionties for Agency action, the nsks posed to
ecological svstems must be an important part of the
equation

This recommendation 15 not meant 10 umply the
relative value of human hfe s 2 »is plant or animal
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life Rather. it 15 meant to reflect 1n nanona
envrronmenta] policy the verv strong ties benwzen ad
forms of ife on thus planet Ecologieal svsrems ke
the atmosphere, oceans, and wetlands have 3 limited
capacity for absorbing the environmenta! degradanan
caused by human activties Atter that capachy
exceeded, 1t 15 only a matter of nme betore thuse
eccsystemns begin to detenorate and human health
and welfare begin to suffer

In short. bevond their importance ror protecting

lant and arumal hife and preserving brodnersic

althy ecosystems are a prerequisiie to healthy
humans and’ prosperous econormies  Althouzh
ecological damage may not become apparent by
years, society should not be blind to the tact that
damagg is occurnng and the losses will be telt, sooner
or later, by humans Moreovet, when species ard
habitat are depleted, ecological health may recover
ul?ly with great difficulty, o recovery s possble at
all.

Thus EPA"s nsk-based prionties for achon should
reflect an a‘T‘: oprate balance between ecolomcal,
human hea. tﬂ, and weifare concerns  Furthermaore
the Agency should communicate to the zeneral
public a clear message that it constders cvlogal
rigks to be Just ay serious as human health and
welfare risks, because of the wmherent value of
ecological systerns and theirr strong hinks to human
healtE



3. EPA Should Improve The Data And Analytical
Methodologies That Support The Assessment,
Comparison, And Reduction Of Different
Environmental Risks

E4D0 H-60
547

The ability to assess environmental risks, compare
them, and select strategies to reduce them all depend
on the avalabality and sopl!'husﬁcaﬁon of the relevant
data and analytical tools. The weakness iy Unfinished
Busmess stems in large part from the weakness of the
dati and analytical tools used, and those weaknesses
stll exist. If EPA’s efforts to assess, compare, and
reduce risks are to unprove in the future, the data
and analytical tools must improve as well,

For example. in order to generate the
exposure-dose data needed to assess human health
Hsks more reliably, EPA should monitor chemicals in
the environment and in human tissues much more
systemancally. Biomarkers and other
newly-developed measures of exposure should be
used. To this end, EPA should expand its research
and data collection efforts in this area, and cooperate
with other Federal agencies to facilitate development
of the requisite data bases

EPA’s health-related data collection efforts should
not be limited to those areas where risks to human
health already are recogruzed. EPA also needs to
develop an ability to pradict the Yntenﬁal future risks
of emerging problems (gl:g.. low-level exposures to
electromagnetic flelds). Therefore. EPA should
establish a formal risk-anticipation mechanism,
including an in-house expert committee,
oversight, and long-range research on emerging
problems.

Improved methodologies for companng differant
human health risks also are needed, A new approach
to ranking risks, one that uses a matrix of data on
sOurces, expogures, agents, and endpamts, i needed
to help identfy speafic agents and mixtures for
quantitative rigk assessmants. Risk rankings should
be based on risk agsessments for specific toxie
agents, or definable mixtures of agents, and on the
total human exposure to such agents. When possible,
risks should be assigned to persons in target or more
mnﬁnge populations, as well as to the population as
a whole.
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For assessmant of non-cancer human health risks
the Agency should try to estabhsh a nsk assessraent
framework consistent with that used for caranogens.
Furthermore, although a large number ot non~cancer
heaith endpoints exist, there it as yet no easy wav to
combine agsessments of cancer and non-cancer nsks
nto a single, overall health evaluation. The Agency
should explore procedures to achieve thes end

Improved data bases and methodoiogies for
assessing ecological and welfare risks also are
needed. For example. although ecological data are

lentiful, they have not been synthesized wnto
ormats useful for assessing ecological rigk.
Moreover, a substantial amount of ecological data are
collected and maintained by other Federal
government organizations. EPA should aggregate
ecological data that are government-uide
and systematicaily synthesize those data 1nto tormats
for ecological risk asgessment,

Finally, aj] three RRRSC Subcommittees took iranal
steps in developing meﬁmdok:lgies that would allow
4 More Tigorous, scentifically defensible companson
and merging of environimental risks and alternative
strategios for ‘reduglt:’? them. Those methodolomes
ate described in detail in the appendices to this
report. EPA should invest in both mm-hoyse and
extramural research o help improve those
methodologies, Linfinished Buspuess took the first steps
to compare environmental risk; the aﬁpendices o
this R&C describe more sophisticated
approaches. EPA should ensure that these ideas are
developed and tested in the vears ahead, so that
relative risk reduction can be used 2s an effective,
continually gvolving tool in the development of
national environmentat policy.



4. EPA Should Reflect Risk-Based Priorities In Its
Strategic Planning Processes

&4y

The AFency needs 1o buld on and improve the kinds
of anaivses carned out by the authoss ot Unfrmished
Bustness and by the members of the RRRSC in the
preparanon of this repart and its appendices
Ongowmyg assessments ot different environmental
nsks and the policy uphons for reduang them
should be camed out within EPA. but the Agency
should consider solicihing the input of external
groups and individuals with expertise and interest 1n
this effort The results of such analysas — the
1denthcation of relatively high-nsk environmental
problems and the most promising strategies for
reducing them - then need to be incorporated
explhiatly into the Agengy’s strategic planning
processes

Recogruzing that scienhhc understandlng and
public cuncerns are constantly evolving, EPA should
update us nsk-based priorities periodically A major
review of remaining and emergl:ng environmental
risks facing the nation — and the globe — should be
conducted every several years In order to reflect
advances tn saienhfic knowledge and progress in
mitgating environmental prob?ems over fime.
Specific strategres for reduang speafic environmental
risks should be reviewed and updated more often

Risk reduction strategies always should be driven
by the environmental problems to be soived, not by
the structure of existing government programs Thus
it 15 useful to analyze problems from dufferent
perspectives — for example, as pollutants (e.g , toxic
air pollutants, groundwater pollutants), as sources
{e g, automobiles, powerplants), in terms of their
effects (e g . increased respiratory diseases, habitat
destruchon), and in terms of the economic activity
causing or affecting them (e g, energy use,
transportation systems, residential and commercial
deve opment). Looking at environmental pmblems
from diffevent perspectives will suggest different
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types of strategic solutions, and EPA should dev elep
plans for specihe nsk reduction programs valy arter
undertalang this kind of comprekensive,
mulb-faceted analysis

The Agency should subject individual strategy
ophons to duaphned analvsis to determine how
much nsk reduction each will achieve Informanon
on cost, timing, degree of certanty of results. and
ancillary benefits or nsks should be included 1 such
analyses The decision matex developed by the
Strategic Options Subcotammuttee of the RRRSC
tepresents one approach for evaluating alternanve
Strategies against a set of defined critena  Atter
promising risk reduction strategies have been
defined, they should be budt into EPA 3 program
plans in a coordinated and expticit wav

Since State governments generally implement
fational environmental protection policies at the local
leved, State agencies need to incorporate refative nsk
assessments intd thewr strategic planning, too EPA
should encourage and support gtate etforts to avess
relative risks and the vanous policy uptions avatable
to reduce them, especially since local action is the
most effective response t0 many environmental msks
EPA support should include finanoat resources,
techrucal assistance, and information, and such
support should be focused on those problems and
geeographical areas where particular nsks are hikely to

reduced the most, and in the most costeffecnye
ways.



5. EPA Should Reflect Risk-Based Priorities In Its
Budget Process

Histoneally, EPA's budgets have reflected the
resources necessary to establish and implement the
regilatoty programs mandated by Congress, with
virtually no focus on relative risk and cost-effective
opportunuties for reducinirelative risks. Accordingly,
over time there has been httle correlation between

the relative risk of a Xarﬁ.ﬂular environmental

problem and the EPA budget resources dedicated to
reducing it.
Spending by EPA is not - and should not be —

the sole measute of society’s response to a particular
environmental problem. In fact, other Federal
agencies, State and local governments, private
companies, and individual families will have to play
signuficant roles tn reducing the risks posed by some
environmental problems. However, among those
environmental problems that clearly necessitate an
EPA response, the Agency should shift its budget
priorities toward those problems posing the greatest
n

sks.

Although thus change in budget priorines is a
necessary component of future national
envirpnmental Eoucy, such a changes need not ocour
overnight. Small but consistent changes would
accomcF[ish the same objectives, and such changes
should be made as the Ageney's understanding of
relative nsks unproves. Moresver, changes in EPA’s
budget
proportional to risk and risk reduction ?:als, since
some risks can be reduced at relatively fow cost.

orities need not result in allocations exactly

. The Agency should initiate & specific process for
incorporating relative risk connderations into 1its
budgetary deliberations. For example, at the
beginning of the budget cvcle the Adminstrator or
Deputy Administrator of EPA could prowide clear
uidance to the pmg:m offices re&rding relatively
igh-risk problems that appear to be relafvely
underfunded. A second review to ensure that
relatively l::Fh—ﬁsk problems are grven hugher budget
priority could be completed just before the budget 1s
sent to the Office of Management and Budget. %f::
whatever kind of procdss is mstituted. 1t 1s entically
important that a § EPA admirstrative process
relates budgetary allocations explicti to risk.
Finally, the Agency should the lead 1n
ensuring that overall national efforts to reduce nsks
are driven by cost-effective risk reduction strateges
As activitieg by izations outside EPa — atthe
Federal, State, and local levels — become
incre ly important to the nabon's risk reduction
efforts, EPA should guide, inform, and help
coordinate those efforts. As the Fedetal agency with
the most u te, comprehengive understanding
of relative environmental risks and the options
available for reducing them, EPA needs to play an
active role m helping target national efforts to reduce
envircnmental risks.




6. EPA—And The Nation As A Whole—Should
Make Greater Use Of All The Tools Available
To Reduce Risk

54.4

The main toul that this naoon has used to reduce
emvironmental vk has been govemment-mandated
end-of-pipe controls and remedianon or clean-u
technologies Such command-and-control” methods
tor reducaing ek have been very eiective iy
controlling wome kindd of pollution, especally from
large. centralized sources However, to control the
nsks posed by widely dispersed sources like
naturallv-occurnng radon and some consumer
products, and to control the risks that veman after
the )imposiion of end-of-pipe technologres,
<ummand-and-control approaches may not be as
effecnve Consequently, other kands of risk reduction
tools that appear to have great promise must be used
more extensively

The RRRSC examined a variety of such tools.
including research and development, convenhonal
regulations, enforcement, and international
covperahve activines Two general tools that appear
10 hold parbcular promise are market incentives and
the provision of information.

The farces of the marketplace can be a powerful
teol for changing individual and institutional
behavior andg:hus reduang some kinds of
environmental nsks Whenever approprate and
feasible, EPA should use and'or support them
Marketable permits, deposit-refund systems, and
pollution charg:s are types of market incentives that
¢ould ~ and should == play much larger roles in this
nation’s etforts to reduce envionmental rsk.

EPA 15 only one of several Federal agencies with
authonty in these areas, but EPA 15 the Federal
agency prunaniy responsible for protecting the
environment In the broadest sense. Consequently,
EPA should take the lead in fostering more
widespread use of market forces to reduce -
environmental nsk I
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Information also van sen e as & wav o reduce sk
without the use of command-and-contro! reguiatons
For example, the informanon requirements ot the
Emergency Planmng and Communuty Right-to-know
Act <§§ 1986 have encouraged compantes to take
voluntary achons to reduce thewr inventones and
emissions of toxic substances The exchange of
informaton also can facilitate the wider use o
cost-effective pollution prevenhon stratemiey
Information provided through envirormental audits
can help comparues improve thewr nsi-reducton
efforts EPA should expand its etforts tw provide
informabon and te taciliate Intormation--hanny that
helps individuals, businesses and communities
reduce envuonmental nsk

This recommendation 1s Aot meant to implh that
command-and-contral regulations have vutlhved ther
usefulness For some environmental problems
conventional regulatory approaches hold substannal
promuse for fuﬂﬁr reductions in nsk Such
approaches inciude end-of-pipe pertormance
standards, design standards. use restncnons and
product specifications. Together with strict
enforcement of exising environmental regulatons,
these approaches give pollubion sources & trong
incentive to look for cheaper, nnovabve wavs to
achleve the same environmental goals Thus the
RRR3C supports the continued use and stnet
enforcement of existng regulatons

However, the long-term reduchon ot
environmental nsks will sequure EPA, and the nation
as a whole, to use a far broader range of wols EPA
should dedicate budget and personnet resources to
develop, test, and fairly evaluate a#t such touls The

‘Agency also should make more of an etfort to intorm

and encourage other elements of socletv —
businesses, schools, State and local governments,
etc.— t0 use this broad range of tools




7. EPA Should Emphasize Pollution Prevention As
The Preferred Option For Reducing Risk

543

The costs of cleaning up and disposing of pollutants
after they have been generated can be enotmous.
The costs of the Superfund program, the planned
cleanup of the Department of Energv's nuclear
weapons plants, and the cancellation and disposal of
fhemicals already in use are painful examples of that
ess0n.

Thus end-of-pipe controls and waste disposal
should be the last line of environmental defense, not
the front lne Preventing pollution at the source —
through the redesign of production processes, the
substitution of less toxic production materials, the
screening of new chemucals and technologies
they are infroduced mto commerce, energy
water conservation, the development of
less-polluting transportation :}Vstems and farming
practices, ¢i¢. - is usually a far cheaper, more
effective way to reduce environmental risk, especially
over the long term,

More widesFread use of pollution prevention
techniques halds enormous environmental and
economic promise for a number of reasons. For one
thing, some environmental probiems — like global
warning — $imply cannot be remeduted in any
practical way using only end-of-pipe controls.

Pollution prevention also minimizes environmental
problems that are caused through a variety of
exposures. For example, substituting a non-toxic for
a toac agent reduces exposures to workers
produdng and using the agent at the same Hme ag it
reduces exposures through surface water,
groundwater, and the air.

Pollution prevention also is preferable to
end-of-pipe controls that often cause environmental
problems of their own. Air pollutants captured in
industrial smokestacks and deposited in landfills can
contribute to groundwater pollution; stripping toxic
chemicals out of groundwater, and combusting solid
and hazardous wastes, can contribute to air

polluion. Pollution preventon techrugques are
es v promising because they do not move
lutants from one environmenial medium to
another, as is often the case with end-of-pipe
controls. Rather, the pollutarts are not generated
the first dplau:h
The advantages of pollution prevention also are
becoming apparent as the nation tnes o address
some of the environmental risks that remarm atter
end-of-pipe controls are applied. Ongoing growth n
the atount of wastes generated in this country 15
Quickly overcoming the abnlity of landfills and
incinerators to absorb it, espedially since landtils are
no longer an option for hazardous waste disposal
S?deqr must find ndtom wavs o redluce th?i amount
of wasts iring disposal. Strmularly, as the nanon
aitem tsrtgq::educe the environmental nsks stll
by urban smog more than a decade aner
automobile emissions were reduced sharply by
end-of-pipe technology, it is dear that preventing
pellution - ¢.g., th mass transit, car pools.
and the mnfxobusﬂon of alternative fuels — s a
Trisin berm option.
prﬁx addagliionx}?-poﬂuﬁgg prevention techniques otten
bring substantial economic benefits to the soues
that use them. Businesses can avoid the costs ot

end-of-pipe controls, waste cleanup and disposal.
and liabili reventing pollution instead of
controlling it, Moreover, some pollution prevention

techniques, like using energy more efficiently and

ing process materials, can pay for themselves
quite apart from environmental consideratons One
reason that Japan arel Western Europe are
formidable economic competitors 15 that they use
energy and raw materials 5o effidently. To compets
in the global marketplace, American businesses also
must use them rore efficdently.



8. EPA Should Increase Its Efforts To Integrate
Environmental Considerations Into Broader
Aspects Of Public Policy In As Fundamental A
Manner As Are Economic Concerns
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For the past 20 vaars EPA has been the focal pont of
the Federal government’s environmental protechon
etforts As such EPA was largely responsible for
defining, implementing, and enforaing the national
command-and-control regulations that have bega
remarkably successful in reducing certain lunds of
pollution especially trom large, centrahized taciihes

But reducing environmental nsk u the future also
will entad the ¢antrol of small, widely dispersed
sources of pollution through the use of a wide range
of regulatory and non-regulatory techniques
Consequently, EPA must have a broader perspective
In solving environmental problems like habitat
destructon, indoor air pollubon, non-pomt source
water pollution, and solid waste disposal, EPA will
be only one of 2 number of Federal and state
agencies wath important roles to play Thus EPA
should de maore to foster the cooperation among
government entihes that will be essennal to the
national effort to reduce environmental nsks in the
19905 and beyond

EPA should play an important role in ensurin
that eavironmental considerations are & part of the
pohcy framework at other Federal agenaes whose
activities affect environmental quahty directly or
indwrectly Changing Federal policies in sectors not
tradiﬁonall?r linked with environmental protection
could provide cost-effective environmental benefits
that equal or exceed those that ¢an be aclueved
through more traditional means

Environmental considerations should be an integral
part of natonal poircies that affect energy use,
agnculture, taxation, transportation, housing, and
foreign relanons For example:

® Energy conservation meagures it znen mgh
nahonal prontv cotld mprone the L 5 balance of
payments. lower tuture world od prices reduce
threats to national secuntv and help reduce
environmental nsks locally tegmnaﬁv and gluballv

® Federal agricultural policies and programs could be
revised to reduce or elimnate exasting mcentves tor
environmentally unsound farrung prachees, and to
directly support efforts by tammers to conrol sol
erosion and chermcal runoff and to make yreater use
of low-input, sustainable farming pracuces

® Tax pohiies could promote iInvestments in new
plants and equipment that are less pulluting and
more snergy efficient

® Housing and commertial development policies
could be used o ¢ontrol development m ecolagealiv
fragile areas

Because EPA is not the only Federal agency whowe
achons affect the environment, 1t musk work 0
ensure that environmental considerations are
incorporated into policy discussions across the
Federal government Environmental consideranons
should be as fundamental in this context 2s economic
concerns are. In order to taalitate the
government-wide integrabon ot environmental
R)licy. the EPA Adminsstrator should encourage the

esident to create a cross-government forum where
such integration would be exphiatly consdered and
carried out.



9. EPA Should Work To Improve Public
Understandin% Of Environmental Risks And Train
A Professiona

Workforce To Help Reduce Them

In a democracy the support of mdividual citizens is
inportant to the success of any nabonal endeavor. In
the national effort o reduce environmental risk, such
understanding and support is essential, because both
the causes of and solutions to environmantal
problems are often hnked to individual and societal
thoice. Consequently, EPA must expand its efforts to
educate the public in general and the professional
workforce in particular, both in terms of what causes
environmental risks and what reduces them.

For example, EPA should work to reduce the %22
between public perceptions of tisk and the scienti
l.lm:h:1’.*-&&:\1:!.1n§l of risk. In many cases, public
perception and scientific understanding are quite
different, if only because saentists have ready access
to information that the public does not. It is
important that EPA increage its efforts to share risk
infgnnaﬁnn with the public, because in the long run
the public will have to approve EPA's nsk-based
action agenda, Better public awareness of relative
environmental risks will help the nation allocate its
resources to maximize risk reducton.

At the same time the Agency must be attuned to
the concerns of Eeople who are closest to the
real-world health, ecological, and welfare risks
by different environmental ptoblems. An en
public often can be helpful in gathering information
that supports the technical analysis of risk,
Moreover, because U\eI\; axpetience those risks
first-hand, the public should have a substantial voice
in estabﬁshin%ﬁsk-reducmn priorities.

Thus EPA should melude broad public
participation i ity efforts to rank environmental
risks. Such partiapation will heip educate the public
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about the technical aspects of environmental nsks,
and it will help educate the government about the
subjective values that the public attaches to such
risks. The result should be broader natiopal su port
fmlsk—r?ucﬁﬂn policies ﬂm:vlzlecesarily truse Ee
Ppredicated on imperfect and ing scientific
understanding and sobjective bvgégOpmmn.

EPA also should take several specific steps to
develop and sustain the nation's scientific capabrlitv
and workforce, For example, the Agency should
provide technical and financial assistance o
universities to help them incorporate ¢nvironmental
subject matier into their curncula and to tram the
next generation of environumental scientists and
engineers.

In this regard, EPA also should support graduate
and post-graduate taining programs m the relevant
scientific disciplines, and nurkare the riuamc:pahon ot
the scientific commanity in interdisaplinary research
The nation is facing a of environmental
scientists and engineers needed to cope with
environmental problems today and in the future.
Moreover, professionals today need continuing
education and training to help them understand the
complex control te:hnqmlggbes and pothunion
Prevention stratept ed to reduce
environmental risks more effectively.

EPA alse should expand its support for
environmental training programs targeted at Federal,
State, and loeal o&%‘i Muost environmental officials
have been trained in a subset of environmental
problems, such as air pollution, water pollution, ot
waste ﬁ:ﬂ::gosaL But they have not been frained to
Assess respond to envitoimental problems wm an
integrated an&‘ comptekensive wav. Moreover, few
have been taught to anticipate and prevent pollution
from ing or to utilize risk reducton tools
beyond command-and-control regulations. This
narrow focus is not very effective in the face of the
intermedia environmental problems that have
emerged over the past two decades and that are
Projected for the future,
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10. EPA Should Develop Improved Methods To
Value Natural Resources And To Account For
Long-Term Environmental Effects In Its
Economic Analyses
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Traditwnal forms of economic analyss, as apphed to
the costs and benefits of economic development and
envizonmental protection, have systematcally
undervalued natural resources This practice
threatens the world's natural resources — like
estuanes and rainforests — without which the lives
of future generations will be impoverished The
faiture of current analvtie techniques to eshmate
pro r:{rl either the full benefits of natural ecosystems
or the full costs of activities that degrade them too
often has allowed the Jushfication of long-term
ecologcal degradation for the sake of present gain

A private company mvests its profits to maintan

- and increase ity capital value When a company

invests to mantain fanhhes,-exﬁand produchion, buy
new ¢quupment. and improve the quality of services
provided, it protects its long-term health

In a similar manner, thas planet requires certan
investments i order to maintan itself as a healthy
ecosystern and to ensure sustainable, fong-term
economic growth Future generations depend on
those investments, and if they are not made, then
avilization will put itself out of business

It is necessary and appropnidte to conduct
economue analyses of human-activihes that affect the

‘environment But it 15 essenhal that such analyses

properly value the long-term, sustained productivity
of natural ecosystems. For that reason, EPA should
undertake 2 broad national effort to develop
analyncal techniques that more adequately assess the
real long.term value of ecosvstems, and that support
the identfication of the mast cost-effechve ways to
reduce nsks that threaten long-term, sustaine
productivity

Thete are a vanety of problems with present
methods Manv of the problems stern trom the 1act
that public s. such as clean awr, are unprced in
markets and thus are easily — and often -
undervaiued in economic apatvses Nanonal
accountng schemes typicallv charactenze res enues
generated by activities that deplete or Jegrade
environmental resources as “income * while tading to
consider the resulting depletion of soaety 5
environmental caputal assets

When economusts do try to value ecosvstems the
are hobbled by the limitations of the nvauable tonls
For instance, the “willingness to pav” method can
ﬂﬁmﬁcanﬂy undervalue aspects ot ecosvsterns with
which people are not famaliar Some ot the
asgumphons underlywmng dscounting procedures do
not hold when envonmental etfects ocour over long
time renods. thus they as&?n httle alue to some
very important long-tenm effects  Mulnphers that are
applied differently to environmental values than they
are to more raditionally measured economic valyes
{e.g., employment) may fuecher distort the results of
economuc analyses.

As a first stap EPA should commission & study
that surveys the ideas of ecologists econurusts
social scientists, and other experts from inside and
gutside the Agency The study should attempt to
develop 2 way of incorporatng ecological
investments inte 2 concept of sustainable growth

Environmental econorrucs is a controversial
complex, and rapidly-evolving held EPA should take
the lead in deveE;ping methods of analvits that will
give fait consideration to investments that will
protect the natural resource base [or future
generations



Thus overview report has been derived mainly
from three detailed reports prepared by the
three Subcommittees of the Relative Risk
Reduction Strategies Comuinittee, Those
reports are

® Appendix A: Report of the Ecolosy and Welfrre
suwgﬁmtu(zm-sa&ﬁc-ng%. o
Includes a eritique of the ecological and
welfare rankings in Unfinshed Busmness.
Suggests an alternative approach to defining
environtental problems, ranking them from
an ecological ive Identifies a need to
more adturately reflect ecological concerns in
econaaue/welfare consideratons.

& Appondix B: Report of the Human Health
Subcommuttes(EPA-SAB-EC-90-0218B).

Inctudes a witique of the cancer and
nen-cancer rankings in Unfinished Business,
Provides specific suggestions for
methodological improvements for anal
and evaluating relative risks of environmental
problems, incuding a possible approach for
merging cancer and non-cander concerns,

® A dix C: rt of the Sirat tions
Sukm&&(EPmECMI%f Or

Deseribes the wide range of “tools”
avajlable for addressing environmental
problems. Includes 60 examples of such
strategic options 2 Yeﬁem;sl‘m 3 different
ertvironmental pro. Provides a set of
¢riteria for selecting from among the optons
- In any given case.

Copi Mme&tmagpendlcestnthis

report can be obtained by writing:

The Science Advisﬂ? Board (A-101)

U. S. Ervironmental Protection Agency

401 M Street, 5. W,

Washington, D. C. 20460
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